Background: Bronchoalveolar lavage (BAL) fluid cytology and culture are used to characterize respiratory diseases in dogs. Little is known about disorders associated with increased numbers of lymphocytes in BAL fluid.
with diffuse disease and in almost half of the population of cats evaluated. 8, 9 Determining a final respiratory diagnosis requires interpretation of cytologic results in conjunction with clinical and radiographic findings.
In our hospital, BAL fluid lymphocytosis has been observed in dogs evaluated for various respiratory diseases, but little information is available in the literature to guide interpretation of this finding.
Lymphocytic airway inflammation has been reported in dogs with airway collapse in the presence or absence of left atrial enlargement, 10, 11 although a separate study did not report BAL fluid lymphocytosis in any dog with bronchomalacia. 12 The purpose of our study was to identify dogs with unequivocal BAL fluid lymphocytosis and to determine underlying etiologic causes associated with lymphocytic airway inflammation. Based on our clinical experience, we hypothesized that dogs with BAL fluid lymphocytosis alone would have longer duration of cough and increased detection of bronchomalacia in comparison to dogs with concurrent eosinophilic or neutrophilic airway inflammation.
| MATERIALS AND METHODS

Medical records at the William R. Pritchard Veterinary Medical Teach-
ing Hospital at the University of California, Davis, were searched for all dogs that had bronchoscopy performed between January 1, 2006, and January 1, 2016. The endobronchial tree was evaluated in standard fashion, and site(s) for BAL were chosen by the endoscopist based on radiographic and bronchoscopic findings. The endoscope was withdrawn from the airway to irrigate the channel and wipe contaminating material from the exterior of the scope. The endoscope was wedged into the smallest airway possible followed by instillation and aspiration of warm, sterile saline through the biopsy channel of the endoscope. Lavage volume was based on the size of the dog, the outer diameter of the bronchoscope used, and the ability to wedge the bronchoscope in the airway in a way that provided adequate return. A rough guideline of 1 mL/kg/lavage site as a single aliquot was utilized, and 1 to 4 sites were lavaged as clinically indicated.
Lavages from distinct lobar sites were processed within 1 hour of collection and were examined separately for cytologic analysis by boardcertified clinical pathologists. Total nucleated cell counts (TNCC) were performed on unfiltered BAL fluid using an automated cell counter (Advia 120; Siemens, Deerfield, Illinois) and reported as TNCC/μL.
Slides were prepared for cytologic analysis by cytocentrifugation (Cytospin3; ThermoShandon, Pittsburgh, Pennsylvania) followed by Wright-Giemsa staining using an automated cell stainer (Model 7151
Wescor Aerospray Hematology Pro; ELITech Bio-Medical Systems, Logan, Utah). A differential cell count was based on an assessment of 200 cells.
Normal reference values used for canine BAL fluid differential cell counts in our laboratory are approximately 80% macrophages, 7%
lymphocytes, 5% neutrophils, 6% eosinophils, 1% mast cells, and 1%
epithelial cells in dogs. 13 Samples with a TNCC <300 cells/μL were excluded from analysis to ensure that a representative sample of epithelial lining fluid had been obtained. For the purposes of our study, bronchoalveolar cytology reports were searched for dogs that had a lymphocyte differential count >20% from at least 1 lavage site, and all dogs were included in the study regardless of previous medication administered or coincident diseases other than neoplasia. Cases were further segregated into those that had concurrent airway eosinophilia (Group 1) defined as >14% eosinophils from at least 1 lavage site (representing >90th percentile for this cell type determined in a BAL study of dogs with histologically normal lungs) 13 A chi-square test was used to compare the frequency of airway infection, airway collapse, and aspiration injury among groups. For all analyses, significance was set at P < .05. Table 2 ). Median TNCC/μL and median percentage of lymphocytes did not differ among groups. Total nucleated cell count and percent lymphocytes were not correlated with age (P = .35 and .07
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Between
respectively; data not shown).
In Group 1 dogs (n = 13), median BAL fluid eosinophilia was 30%
(range, 15%-49%) with TNCC ranging from 400 to 5400/μL (median, ogy, yet BAL fluid eosinophilia might be found in only half of these individuals. 20 This possibility has not been examined in dogs. In normal dogs, the CD4 : CD8 ratio of airway T lymphocytes is 1.3, 16 which is similar to that found in normal humans. Eosinophilic lung disease in dogs is associated with a dramatic increase in the BAL fluid lymphocyte CD4 : CD8 ratio because of a large increase in CD4 cells, 2 consistent with the observation of concurrent increases in both BAL fluid eosinophils and lymphocytes in dogs with eosinophilic airway disease.
T-cell subtypes alterations in BAL fluid were not examined here and
have not been evaluated in other respiratory diseases of dogs.
Concurrent neutrophilic inflammation was the most common finding in dogs examined here, with bacterial infection identified in 9 of 59 dogs. In a study of bacterial pneumonia in dogs, BAL fluid lymphocytes approached 20% of the differential cell count. 22 In experimental studies of humans, lipopolysaccharide inhalation caused a 100-fold increase in airway neutrophils but also increased lymphocytes 3-fold. 23 Therefore, although bacterial airway diseases are anticipated to result in neutrophilic inflammation, it is not unexpected to observe concurrent lymphocytosis in some instances. Th17 T-cells are a subset of CD4+ T helper cells, and a Th17 response can recruit neutrophils as a result of IL17 induction of IL-8 production. 24 Th17 cytokines can play a protective role against pathogens but also can induce pathology.
Interleukin 17 recruits neutrophils in response to Klebsiella challenge 25 and Streptococcus infection 26 as well as fungal invasion. Th17 cytokines might serve as a bridge between innate and adaptive immune responses in the host defense against a variety of extracellular pathogens at mucosal surfaces. 27 However, many Group 2 dogs that had both neutrophilia and lymphocytosis in BAL fluid did not have a demonstrable infectious component of disease. This observation might suggest a host-driven Th17-dominant immune response to a variety of antigens, as has been suggested in both allergic skin disease and allergic lung disease in people, including asthma. 28 The discovery of new cytokines and T-cell subsets that play a role in shaping inflammatory responses has resulted in evolution of the classical Th-1/Th-2 paradigm. Interleukin 17 clearly plays a role in the induction and maintenance of hypersensitivity responses long considered as solely Th-1/ Th-2-mediated disorders. 28 Aspiration injury was found in dogs with both neutrophilic and lymphocytic inflammation as well as solely lymphocytic inflammation in BAL fluid. Aspiration injury is thought to trigger a Th17 response as part of the immune response to inhalation of pathogens or irritant material, 29 and microaspiration has been proposed to play an important role in a number of respiratory diseases in dogs. 30, 31 In children, both strongly and weakly acidic chemical insults resulted in increased BAL fluid neutrophils and increased lymphocytes, indicating a nonspecific response to airway injury. 32 It is unclear why some dogs in our study developed mixed inflammation rather than purely lymphocytic inflammation, but it might reflect a disease process more similar to aspiration pneumonitis in some dogs versus the neutrophilic response of aspiration pneumonia in other dogs.
In the group of dogs examined here, a relatively large number (31%, Group 3) had isolated BAL fluid lymphocytosis. Airway collapse was common in this group of dogs and was found more often in In dogs with left atrial enlargement associated with myxomatous mitral valve disease and concurrent bronchomalacia, BAL fluid lymphocytosis was present in 4 of 10 cases. 11 However, in a guinea pig model of airway collapse induced by negative pressure applied to the airway, the inflammatory response was neutrophilic and macrophagic. 34 In dogs with bronchomalacia, it is unknown whether collapse leads to inflammation or inflammation perpetuates collapse. As stated previously, BAL fluid was markedly hypercellular in most instances in our study, which implies a concurrent increase in total macrophage num- foals (3%-5%). 18 We found no effect of age on BAL fluid lymphocytes, but young dogs have higher blood lymphocyte counts than do older dogs. These varied findings suggest the need to define age-specific normal values and perhaps to investigate potential differences in dog breeds or type.
We hypothesized that dogs with BAL fluid lymphocytosis alone between observers for lymphocyte identification. 36 Finally, we elected to include all cases that had at least 1 BAL site with >20% lymphocytes. A prospective study should aim to collect 3 lavages sites to be able to confirm increased lymphocyte percentages in a majority of samples, and the differential cell count should be performed on 500 cells.
We have characterized BAL fluid lymphocytosis in a large cohort of dogs with respiratory disease and determined some disease associations.
Further research is required, including defining a discrete population of affected dogs and determining the lymphocyte subsets and cytokine profiles associated with both BAL fluid lymphocytosis alone and BAL fluid lymphocytosis with concurrent eosinophilia and neutrophilia.
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